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Abstract 
Cu-Al layered double hydroxide (LDH) was intercalated with Keggin ion of polyoxometalate           
K4[-SiW12O40] to form Cu-Al-SiW12O40 LDH. The obtained materials were analyzed by X-ray Diffrac-
tion (XRD), Fourier Transform Infra Red (FTIR) spectroscopy, and Brunaur-Emmett-Teller (BET) sur-
face area analysis. Furthermore, the materials were used as adsorbents of malachite green from aque-
ous solution. Some variables for adsorption, such as: effect of adsorption times, malachite green concen-
tration, and also adsorption temperature, were explored. The results showed that diffraction at 11.72° 
on Cu-Al LDH has interlayer distance of 7.56 Å. The intercalation of that LDH with [-SiW12O40]4− ion 
resulted increasing interlayer distance to 12.10 Å. The surface area of material was also increased af-
ter intercalation from 46.2 m2/g to 89.02 m2/g. The adsorption of malachite green on Cu-Al and          
Cu-Al-SiW12O40 LDHs followed pseudo second order kinetic and isotherm Langmuir model with ad-
sorption capacity of Cu-Al and Cu-Al-SiW12O40 LDHs was 55.866 mg/g and 149.253 mg/g, respectively. 
That adsorption capacity is equal with increasing interlayer space and surface area properties of mate-
rial after intercalation. Thus, the adsorption of malachite green on Cu-Al and Cu-Al-SiW12O40 LDHs is 
unique and dominantly occurred on interlayer space of LDH as active site adsorption. Copyright © 
2020 BCREC Group. All rights reserved 
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1. Introduction 
Dyes contamination from industrial activi-
ties, such as: textile [1], paint, plastic, rubber, 
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leather, cosmetic [2], and drug, are the main en-
vironmental problem due to un degrade proper-
ties [3], stable under light and oxidation. Thus, 
removal of dyes from wastewater is vital [4]. Re-
moval dyes from wastewater has been applied 
using numerous method such as biological treat-
ment [2], adsorption [5], membrane filtration 
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and light irradiation [6]. Among these ways, 
the popular simple method is adsorption due to 
fast way, easy process, low cost, and also high 
efficiency to remove dyes from aqueous solution 
[7]. The main problem for adsorption is to de-
velop adsorbent which has selectivity and high 
efficiency [8−9]. Certain adsorbents were tested 
to remove dyes from aqueous phase, such as: 
zeolite [10], bentonite, montmorillonite, clay 
[1], chitosan [11], algae [12], cellulose [13], and 
also layered double hydroxide materials [14].  
Layered double hydroxide (LDH) is in-
organic layers material with consisted by diva-
lent and trivalent metal cations. The LDH is 
well-known as hydrotalcite-like materials. The 
surface layer of materials was balanced with 
various anions depending on synthetic condi-
tion and can be replace and exchanged to ob-
tain unique properties of layer. The general for-
mula of LDH is [M2+1-xM3+x(OH)2]+xAx-nmH2O, 
where M2+ is divalent metal ion, M3+ is triva-
lent metal ion, Ax-n is anion with n valent state, 
and water of crystallization [15−16]. The com-
mon anion on interlayer LDH was found, such 
as: nitrate, carbonate, hydroxide, and also chlo-
ride [17−18]. The existence of these anions re-
sults in the small interlayer distance and space 
on LDH. On the other hand, due to the various 
applications of LDH as adsorbent of dyes, thus 
this space is important to create to be larger 
space to provide active site for adsorbate [19]. 
The anion should be exchanged with larger ani-
on compound such as polyoxometalate [20]. Pol-
yoxometalate is metal-oxygen inorganic clus-
ters which have various structures, shapes, oxi-
dation state, and also high charges compounds. 
Polyoxometalate can be used as an intercalant 
of LDH to increase interlayer distance on LDH 
[21]. 
Mg/Al LDH was intercalated with Keggin 
ion [H2W12O40]6- to form pillared compound 
with various ratio of polyoxometalate [22]. Pol-
yoxometalate K3[-PW12O40] has been interca-
lated on interlayer Zn/Al LDH and the space 
slightly increase than pure Zn/Al LDH [18]. 
Keggin type polyoxometalate of K4[-SiW12O40] 
was also used as intercalant of Ca-Al LDH to 
form Ca-Al-[-SiW12O40] [23]. According to pre-
vious research, the intercalated material can be 
enhanced its adsorption ability of cationic dye 
such as malachite green [14]. The malachite 
green is representative triphenylmethane cati-
onic dye which has seriously bad effect for envi-
ronment due to covering water surface and 
high residual [24]. Similar reported by Lesbani 
et al. [14]. NiAl LDH was intercalated by poly-
oxometalate has good ability to remove mala-
chite green and obtained 80% malachite green 
removal. In addition, Xu et al. [25] reported 
that polyoxometalate intercalating ZnAlFe 
LDH was applied as methylene blue adsorption 
and obtained adsorption capacity 67.47 mg/g. 
Polyoxometalate [PW10Mo2O40]5- with high 
charges was used to intercalate Zn-Al LDH. 
The material used as removal agent of meth-
ylene blue from aqueous solution with adsorp-
tion capacity higher than pure Zn/Al LDH [20]. 
Herein, Keggin type polyoxometalate K4[-
SiW12O40] was used as intercalator of Cu-Al 
LDH to form Cu-Al-SiW12O40 as adsorbent of 
malachite green. The materials were character-
ized by XRD powder analysis, identification of 
functional group by FTIR spectroscopy, and al-
so measurement of surface area properties by 
nitrogen adsorption desorption analysis. The 
malachite green is toxic cationic dye which can-
not be degraded by aquatic system [26]. The re-
moval of malachite green from aqueous solu-
tion is carried out by batch system adsorption 
process. The factor that influencing adsorption 
process was studied such as effect of adsorption 
time, effect of initial concentration of malachite 
green, and also effect of adsorption tempera-
ture to obtain kinetic and thermodynamic ad-
sorption properties. The unique adsorption 
properties on Cu-Al and Cu-Al-SiW12O40 LDHs 
is expected after intercalation process of Cu-Al 
LDH. 
 
2. Materials and Methods 
2.1 Chemical and Instrumentation 
Chemicals, such as: copper (II) nitrate trihy-
drate (Merck, 99.1%), aluminum (III) nitrate 
nonahydrate (Merck, 98.5%), sodium tungstate 
dihydrate (Sigma Aldrich, 99.0%), sodium 
metasilicate pentahydrate (Sigma Aldrich, 
97.0%), sodium hydroxide (Merck, 99.0%), sodi-
um carbonate anhydrate (Merck, 99.9%), potas-
sium chloride (Merck, 99.9%), and hydrochloric 
acid (Merck, 36%), were used as precursor. Wa-
ter was demineralized using Purite® water pu-
rification apparatus equipped with resin ion 
exchange system. Characterization of materi-
als were carried out using XRD Rigaku Mini-
flex-6000. Sample was grounded with mortar 
and analyzed using XRD at diffraction 5−60° 
with scan speed 1°/min. Analysis of functional 
group was performed using FTIR Shimadzu 
Prestige-21. Sample was mixed with KBr and 
was vacuumed to form KBr pellet. Sample was 
analyzed in the range of wavenumber 
400−4000 cm−1. Analysis of nitrogen adsorption 
desorption was conducted using Micrometric 
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ASAP Quantachrome apparatus. Sample was 
degassed several time prior analysis using liq-
uid N2. Analysis of malachite green was con-
ducted using UV-Visible Spectrophotometer 
Bio-Base BK-UV 1800 PC. Malachite green was 
analyzed at wavelength 619 nm.  
 
2.2 Synthesis of Cu-Al LDH 
Synthesis of Cu-Al LDH was conducted us-
ing coprecipitation method at pH 10 as previ-
ous reported by Palapa et al. [27]. Copper (II) 
nitrate (0.75 M, 10 mL) was mixed with alumi-
num (III) nitrate (0.25 M, 10 mL). Reaction was 
gentle stirred for one hour until dissolution of 
all starting materials. Sodium hydroxide (4 M) 
was added to the mixture and pH of solution 
was adjusted to 10 with this solution. The reac-
tion mixture was kept for 20 hours to form solid 
material. The solid material was filtered and 
washed with water several times and dried at 
110 °C overnight.  
 
2.3 Synthesis of Polyoxometalate                      
K4[-SiW12O40]  
The synthesis of polyoxometalate           
K4[-SiW12O40] was prepared with slightly 
modification from Lesbani and Co-workers [28]. 
Solution of hydrochloric acid (4 M, 165 mL) was 
added to solution of sodium tungstate (182 g in 
300 mL water) with gentle stirring to remove 
solid precipitate of tungstic acid. Solution of so-
dium meta silicate (11 g in 100 mL water) was 
added to the reaction mixture following with 
addition of sodium tungstate (1 M, 80 mL). pH 
reaction was adjusted to 5 by addition of hydro-
chloric acid 4 M. The reaction was kept at 80 °C 
for 1 hour. Reaction was kept at room tempera-
ture with constant stirring. Potassium chloride 
was added to the reaction solution and stirred 
for 1 hour to form K4[-SiW12O40].  
 
2.4 Intercalation of Cu-Al LDH with                
[-SiW12O40]4- 
Intercalation of Cu-Al LDH with [-
SiW12O40]4- was conducted using ion exchange 
method. Cu-Al LDH was mixed with solution of 
1 M sodium hydroxide (25 mL). Polyoxomet-
alate K4[-SiW12O40] was dissolved with 50 mL 
water. Solution of polyoxometalate was mixed 
with solution of Cu-Al LDH with gentle stir-
ring for 5 minutes. Reaction mixture was intro-
duced with nitrogen with slow stirring and 
kept for 24 hours to form suspension. Suspen-
sion was filtered, washed with water several 
times and dried at 120 °C for 48 hours.  
 
2.5 Adsorption Study 
Adsorption of malachite green was per-
formed using small batch reactor system 
equipped with stirring bar and temperature 
control. Adsorption process was studied by var-
iation of adsorption time, variation of initial 
concentration of malachite green, and variation 
of adsorption temperature. Variation of adsorp-
tion time was studied in the range of 5-210 
minutes. Variation of initial concentration of 
malachite was studied at 25, 50, 75, and 100 
mg/L. Variation of adsorption temperature was 
studied at 303, 313, 318, and 323 K. Concen-
tration of malachite green after adsorption was 
analyzed by UV-Visible Spectrophotometer at 
619 nm. 
 
3. Results and Discussions 
Analysis of Cu-Al LDH and intercalated 
material using XRD powder analysis is shown 
in Figure 1. Several diffraction peaks were 
found on Cu-Al LDH at 11.72° (003), 23.51° 
(006), 35.59° (015), 47.83° (018), 58.70° (110), 
and 61.23° (116). Diffraction peaks at 11.72° 
(003) and 61.23° (116) are identified as well 
formation of layer structure of LDH of Cu-Al 
(JCPDS 37-630) [29]. The peak at 11.72° has 
interlayer distance of 7.56 Å. The anion of in-
terlayer distance is nitrate due to synthetic 
starting materials. Cu-Al LDH was intercalat-
ed with Keggin type polyoxometalate              
[-SiW12O40]4- to increase interlayer distance of 
Cu-Al LDH. XRD powder analysis of Cu-Al af-
ter intercalation is shown in Figure 1b. 
Figure 1. XRD of (a) Cu-Al LDH and (b) Cu-Al-
SiW12O40. 
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Diffraction peak of Cu-Al LDH after interca-
lation [-SiW12O40]4- to form Cu-Al-SiW12O40 
has diffraction similar with pristine material. 
The diffraction of 11.72° on Cu-Al LDH was 
shifted to lower diffraction at 11.34° due to in-
sertion of Keggin ion. These diffractions have 
interlayer distance 12.10 Å. The increasing in-




Based on this calculation, intercalation of      
[-SiW12O40]4- on interlayer distance of Cu-Al 
can increase the layer distance up to 4.54 Å. 
The other diffraction peaks after intercalation 
were identified at 22.88° (006), 35.13° (015), 
48.18° (018), 54.92° (110), and 56.01° (116).  
FTIR spectrum of Cu-Al LDH is shown in 
Figure 2a. The main vibration peaks of Cu-Al 
LDH were identified at wavenumber 3448 cm−1 
( O−H stretching, water), 1635 cm−1 ( O−H 
bending, water), and 1318 cm−1 ( N−O ni-
trate), 817 cm−1 ( Al−O), and 462 cm−1 ( 
Cu−O). The intercalation of Cu-Al LDH with 
[a-SiW12O40]4- ion will replace the nitrate as an-
ion. Thus our emphasis to identify FTIR spec-
trum after intercalation is vibration around 
1300 cm−1. The FTIR spectra of Cu-Al-SiW12O40   
is shown in Figure 2b.  The vibration peak of 
Cu-Al-SiW12O40 LDH did not found at area 
1300 cm-1 thus intercalation of [-SiW12O40]4- 
ion is conducted. On the other hand, vibration 
of Keggin ion of [-SiW12O40]4- was sharply ap-
peared at 1111 cm−1 ( Si−O) and 974 cm−1 ( 
W=O) [9].  
Analysis of adsorption desorption nitrogen 
on Cu-Al and Cu-Al-SiW12O40 is shown in Fig-
ure 3. There is a different adsorption desorp-
tion lane for both materials, which was indicat-
ed that these materials have hysteresis loop. 
The profile also showed that type IV isotherm 
model for Cu-Al LDH. Another hand, the dif-
ferent space between adsorption and desorp-
tion of intercalated material is too large, thus 
this material is not classifying as type I-VI ad-
sorption desorption isotherm model [30]. The 
BET analysis was obtained from data in Figure 
3 as shown in Table 1. 
The surface area properties of                   
Cu-Al-SiW12O40 is higher almost two folds than 
pristine material. On the other hand, opposite 
results were obtained for dpore and  dpore of    
Cu-Al-SiW12O LDH. The dpore and Vpore of     
Cu-Al-SiW12O40 LDH was smaller than Cu-Al 
LDH. Due to opening interlayer distance of in-
tercalated Cu/Al LDH, the dpore and Vpore of  
Cu-Al-SiW12O40 LDH to be smaller and covered 
with the large size of anion [-SiW12O40]4-.  
The adsorption of malachite green on Cu-Al 
and Cu-Al-SiW12O40  was firstly investigated by 
effect of adsorption time. Figure 4 shows the 
kinetic adsorption model of malachite green on 
both LDH adsorbents. The kinetic model was 
calculated using pseudo-first order (P-FO) ki-
netic model and pseudo-second order (P-SO) ki-
netic model by equation below [31]. 
Figure 2. FTIR of (a) Cu-Al LDH and (b) Cu-
Al-SiW12O40. 









CuAl-SiW12O40 89.02 1.908 0.0975 
CuAl 46.2 10.39 0.116 
Table 1. BET analysis parameter of Cu-Al and 
Cu-Al-SiW12O40 LDHs. 
(003) (003) 12 40 (003)increasing (Å) Cu-Al-SiW O Cu-Ald d d= −
 








  QeCalc 
(mg/g) 
R2 k2 
CuAl LDH 46.225 65.501 0.905 0.028   57.653 0.913 0.0003 
CuAl-[-SiW12O40] 57.256 73.856 0.981 0.043   64.117 0.985 0.0007 
Figure 4. Effect of adsorption time and kinetic 
adosption calculation of malachite green on Cu-
Al and Cu-Al-SiW12O40 LDHs. 
is adsorption time (minute); and k2 is adsorp-
tion kinetic rate at pseudo second-order     
(g.mg-1.minute-1). The kinetic adsorption pa-
rameter of PFO and PSO of malachite green on 
Cu-Al and Cu-Al-SiW12O40 LDH is shown in Ta-
ble 2. 
The kinetic parameter data in Table 2 
showed that adsorption of malachite green on 
Cu-Al and Cu-Al-SiW12O40 LDH was follow 
PSO kinetic model with R2 value close to one. 
The k2 is adsorption rate constant for the ad-
sorption and k2 of Cu-Al LDH is smaller than 
Cu-Al- SiW12O40 LDH. Thus, of Cu-Al-SiW12O40 
LDH is slightly reactive than starting material 
without intercalation. The second adsorption 
study is effect of various malachite green con-
centration and temperature effect as shown in 
Figures 5a and b.  
Malachite green adsorption onto CuAl LDH 
and CuAl-SiW12O40 was sharply increased by 
increasing malachite green concentration at 20 
mg/L. The optimum adsorption was achieved at 
malachite green concentration start at 75 
mg/L. The adsorption patterns also showed 
that similar style profile for both Cu-Al LDH 
and Cu-Al-SiW12O40 LDH. Thus, adsorption 
type of these adsorbent is similar. The iso-
therm adsorption of Freundlich and Langmuir 
was calculated based on data in Figure 5c us-




where C is a saturated concentration of adsorb-
ate; m is the amount of adsorbate; b is the 




where: qe is adsorption capacity at equilibrium 
(mg.g-1); qt is adsorption capacity at t (mg.g-1); t 
is adsorption time (minute); and k1 is adsorp-
tion kinetic rate at pseudo first-order    
(minute-1).  




where qe is adsorption capacity at equilibrium 
(mg g-1); qt is adsorption capacity at t (mg.g-1); t 
Copyright © 2020, BCREC, ISSN 1978-2993 
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Figure 5. Effect of temperature and various malachite green concentration onto (a) CuAl LDH and (b) 
CuAl-SiW12O40 and (c) isotherm adsorption. 
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maximum adsorption capacity (mg.g-1), and KML 





where qe is adsorption capacity at equilibrium 
(mg.g-1); Ce is the concentration of adsorbate at 
equilibrium (mg.L-1), and KF is Freundlich con-
stant. 
Isotherm Langmuir is appropriate for ad-
sorption of malachite green on both Cu-Al LDH 
and Cu-Al-SiW12O40 LDH as adsorbents, which 
was obtained from Table 3. The value of R2 is 
closed to one for isotherm Langmuir rather 
than isotherm Freundlich. The Qmax of Cu-Al-
SiW12O40 LDH is higher almost three-fold than 
Cu-Al LDH. The adsorption capacity of Cu-Al-
SiW12O40 is higher than without intercalation 
can be easily explained due to opening of inter-
layer distance and also surface area properties 
of CuAl-SiW12O40. The adsorption capacity is 
increased by increasing temperature. The ad-
sorption capacity of Cu-Al and CuAl-SiW12O40 
LDHs is up to 55.866 mg/g and 149.253 mg/g, 
respectively. This increasing adsorption capaci-
ty is equal with increasing surface area proper-
ties. Thus, adsorption of malachite green on 
Cu-Al and CuAl-SiW12O40 is occurred domi-
nantly on interlayer space of LDH. The several 
adsorbents for malachite green adsorption 
were reported by others listed in Table 4. Table 
4 showed the adsorption capacity on this work 
has good adsorbed ability and exhibited good 
performance to remove malachite green in 
aqueous solution. 
The thermodynamic adsorption parameter 
was also obtained based on data in Figure 5a 












303 313 318 323 
CuAl LDH  
Langmuir 
Qmax 16.444 20.609 19.597 55.866 
kL 0.040 0.073 0.360 0.038 
R2 0.999 0.991 0.997 0.993 
Freundlich 
n 2.761 2.324 4.568 4.133 
kF 2.628 3.125 8.308 8.632 
R2 0.996 0.896 0.905 0.819 
 CuAl-[-SiW12O40] 
Langmuir  
Qmax 70.777 127.602 134.223 149.253 
kL 0.219 0.314 0.440 0.691 
R2 0.982 0.997 0.996 0.999 
n 3.354 4.056 3.479 4.870 
Freundlich    kF 19.528 49.028 17.676 72.168 
R2 0.909 0.821 0.581 0.693 
Table 3. Isotherm of adsorption. 
Adsorbents Adsorbed capacity (mg/g) Ref 
NiFe-POM 8.81 [14] 
Magnetic nanocomposite Bacterial/GO 270.27 [34] 
Apricot Activated Carbon 17.60 [35] 
Superabsorbent Hydrogel 56.95 [36] 
ZnAl LDH 111 [37] 
Lime Peel Activated Carbon 47.0 [38] 
CuAl Biochar LDH composite 470.96 [27] 
CuAl-SiW12O40 149.253 This Work 
CuAl LDH 55.866 This Work 
Table 4. Comparison of malachite green adsorbed onto several adsorbents reported. 








G H T S =  − 
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where T is temperature (K); R is the gas con-
stant (8.314 J.mol-1.K-1), and Keq is the reaction 
on change temperature. 
Table 5 showed that adsorption of malachite 
green on all adsorbents were spontaneous oc-
curred in which the negative value of ∆G. The 
enthalpy is in ten range 7.621-8.916 kJ/mol. 
These values showed that adsorption of mala-
chite green on both adsorbents is categorized as 
physical adsorption. The value of ∆S is in-
creased after intercalation means that increas-
ing randomness adsorption process on mala-
chite green on material after intercalation. 
Thus, opposite in previous results of the iso-
therm adsorption belong to Langmuir which in-
dicated the adsorption occurs on monolayer 
surface although the high adsorption capacity 
might suggest the formation of multiple layers. 
However, this theory as similar reported by Ri-
beiro et al. [33] that the Langmuir assumption 
of dye adsorption is infinite dilution and satu-
ration monolayer occur to gases system, which 
has a small adsorbed molecule, homogeneous 
active sites and has very low interaction. 
 
4. Conclusion 
Cu-Al LDH was successfully intercalated 
with [-SiW12O40]4- to form Cu-Al-SiW12O40 
with increasing interlayer distance from 7.56 Å 
to 12.10 Å. The surface area properties of mate-
rial were also increased after intercalation from 
46.2 m2/g to 89.02 m2/g. Adsorption of mala-
chite green on Cu-Al and CuAl-SiW12O40 LDH 
has adsorption capacity 55.866 mg/g and 
149.253 mg/g, respectively. The increasing ad-
sorption capacity is almost three-fold than be-
fore intercalation, which was equal with in-
creasing the surface area properties. Thus, ad-
sorption of malachite green in this research 
was occurred dominantly on interlayer space of 
LDH and the adsorption process were phy-
sisorption due to this adsorption process has 
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